However, it is unclear which of the 3 diagnostic modalities -MPI, CT, and CAG -is the most effective for symptomatic patients suspected of having CAD, and how the choice of the initial diagnostic modality influences the secondary diagnostic tests, the treatment strategy, and prognosis of each patient. Considering these issues, we designed a multicenter prospective observational study to determine the prognosis, the second diagnostic modality used, and the treatment strategy applied in cases where MPI, CT, or CAG was used as the initial diagnostic test.
Methods

Patients
We enrolled symptomatic patients advised to undergo MPI (MPI group), CT (CT group), or CAG (CAG group) as the initial diagnostic test for suspected chronic CAD. Angina is a clinical syndrome characterized by discomfort in the chest, jaw, shoulder, back, or arm. It is typically aggravated by exertion or emotional stress and relieved by nitroglycerin. If the angina is suspected from clinical history and the stress electrocardiogram, continuously, each imaging modality can be selected at the discretion of the physician has been determined. The exclusion criteria were: unstable angina, acute coronary syndrome, history of myocardial infarction (MI), or revascularization therapy. The end-point was the occurrence of a major adverse cardiac event (MACE): death, acute MI, major cardiac event, and late (>3 months) revascularization. Furthermore, we evaluated whether initial revascularization was required in a proportion of the extent to each group of the image modalities. Between January 2006 and March 2008, we enrolled 2,878 patients consecutively from 81 centers in Japan (Figure 1) . All the registered centers have many CAD patients with high-end diagnostic facilities; well-trained cardiologists determine the need of initial diagnostic tests for each patient. Based on the results of the initial tests and other clinical findings, they decide whether the patient might require a secondary test and then the treatment strategy. Among these patients, 2,825 actually underwent initial diagnostic tests, with 1,221, 635, and 969 undergoing MPI, CT, and CAG, respectively. The study population was followed up for a median of 1.4 years, and complete follow-up data were available in 98.4% of the patients, with the remaining (n=45) patients being lost to follow up. The registry was carried out according to the principles of the Declaration of Helsinki, and the protocol was approved by the institutional review board or the ethics committee at each participating center. All participating patients gave written/oral informed consent before study enrollment.
Statistical Analysis
Intergroup comparison of the rates of MACE incidence during the follow-up period, that is, the primary end-point, was performed by constructing a Cox proportional hazards model adjusted for important confounding factors. By using the adjusted model, we plotted the Kaplan-Meier probability curves for the cumulative incidence of MACE. The tendency of initial revascularization was estimated using the logistic regression model 
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with adjustment for the confounding factors.
All analyses were performed with the SAS statistical software package (version 9.2, SAS Institute, Cary, NC, USA). The significance level was set at 5% for all the intergroup comparisons.
Results
Patient Characteristics
The mean age in the CAG group was slightly greater than that in the other 2 groups. With regard to gender, females accounted for approximately 45% of the patients in the MPI group and the CT group, and a lower percentage, 34%, in the CAG group. The mean systolic blood pressure was the highest in the CT group (139 mmHg), followed by the MPI group (138 mmHg) and the CAG group (136 mmHg) ( Table 1) .
Among coronary risk factors, the rate of smoking habit was 31% in the CAG group, which was significantly higher than that in the MPI and CT groups (21% and 22%, respectively). The rate of hypertension was approximately 60% in all 3 groups, with no significant difference between them. In contrast, the rates of dyslipidemia in the CT and CAG groups were significantly greater than that in the MPI group (50%, 48%, and 44%, respectively). The incidence rate of diabetes was higher in the CAG group (32%) than in the MPI (28%) and CT (27%) groups. Furthermore, the rates of family history of ischemic heart disease and history of cerebrovascular disease in the 3 groups were not significantly different, but the rate of peripheral arterial disease was significantly higher in the CAG group (5.0%) than in the MPI (2.7%) and CT (0.96%) groups. With regard to previous illnesses, the 3 groups did not differ significantly in terms of the rates of atrial fibrillation and chronic obstructive lung disease. However, hemodialysis was performed for a significantly greater percentage of patients in the MPI and CAG groups (2.7% and 2.5%, respectively) than in the CT group (0.32%). Similarly, the rate of renal impairment, that is, a serum creatinine level of ≥1.2 mg/dl in the CT group was 3.5%, which was obviously lower than that in the MPI and CAG groups (9.1% and 8.1%, respectively). In addition, the estimated glomerular filtration rate determined on the basis of the results of blood 
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tests was maintained at a high level (79.7) in the CT group, but at lower levels in the MPI and CAG groups (72.8 and 73.5, respectively). The percentages of patients with class 1 mild angina pectoris, graded according to the Canadian Cardiovascular Society (CCS) classification system, were 78%, 62%, and 52% and those with class 2 or higher were 22%, 38%, and 48% in the MPI, CT, and CAG groups, respectively; these values indicated opposing trends in the 3 groups.
In addition, the results of diagnostic imaging that has been diagnosed as normal, those have been shown as following; MPI 58.5% (705), CT 49.2% (308), CAG 36.5% (347), respectively.
Outcome
The incidence rate of MACE during the year-long observation period was 2.6%, 2.1%, and 7.0% in the MPI, CT, and CAG groups, respectively. The Cox regression model was adjusted for the confounding factors in each group, and the hazard ratio was analyzed with respect to the MPI group. The final analysis model included the following 13 variables: age, gender, body mass index (BMI), blood pressure, smoking, dyslipidemia, diabetes, peripheral arterial disease, aortic disease, hemodialysis, serum C-reactive protein (CRP) level, and CCS class. The results showed a significantly higher hazard ratio of 2.19 (95% confidence interval [CI], 1.40-3.44; P=0.0006) in the CAG group than in the other 2 groups, but no significant difference was observed between the MPI and CT groups ( Table 2 ). The cumulative incidence of MACE was analyzed by plotting Kaplan-Meier curves after adjustment for the following con-founding factors: age ≥60 years; male gender; BMI 25 kg/m 2 ; systolic blood pressure 135 mmHg; diastolic blood pressure 75 mmHg; no smoking habit; history of dyslipidemia; no diabetes; no PAD; no aortic disease; no hemodialysis; serum CRP level 0.1; CCS class 1. The plotted curves showed that the risk of MACE was comparable in the MPI and CT groups, but was obviously higher in the CAG group (Figure 2) .
Subsequent analysis considering only patients with CCS class 1 revealed that the hazard ratio in the CAG group with respect to the MPI group was significantly higher, at 2.44 (95% CI, 1.38-4.32; P=0.0022). After adjustment for the abovementioned confounding factors, the Kaplan-Meier curves were plotted for the cumulative incidence of MACE in patients with CCS class 1 disease in the 3 groups. The MPI and CT groups had comparable and low risks, while the CAG group had a significantly higher risk (Table 2; Figure 3 ).
Frequency of a Secondary Imaging Test and Elective Revascularization After the Initial Imaging Test
The rates of patients who required only the initial test were 65%, 60%, and 94% in the MPI, CT, and CAG groups, respectively. The proportion of cases that required CAG as the secondary test was similar in the MPI group (33%) and the CT group (31%) (Figure 4) . The frequency of adverse events occurring during the initial test was 0.9% and 0.5% in the MPI and CT groups, respectively, thus showing very low frequencies in both groups.
The tendency of elective revascularization after an initial imaging test was significantly higher in the CT group (odds ratio, 1.62; 95% CI, 1.20-2.18; P=0.002) and CAG group (odds 
Discussion
This prospective observational study indicates that stable pa-tients with suspected CAD who underwent either MPI or CT as the initial diagnostic test had similar and excellent prognosis. In contrast, those who underwent CAG had a greater risk of MACE on the Cox proportional hazard model adjusted for important confounding factors. Another important finding was that the MPI group required less frequent coronary intervention than the CT group. While MPI remains the most thoroughly validated modality Advance Publication by-J-STAGE Optimal Initial Diagnostic Strategies for Angina for the diagnosis and risk stratification of patients with definitive or suspected CAD, 4 the introduction of coronary CT has posed a new dilemma in the selection of the appropriate diagnostic modality for such patients. 5 Recent advances in CT have enabled the rapid acquisition of images at a high temporal and spatial resolution and also a facilitated high-throughput study; therefore, CT is now routinely used for the evaluation of coronary arteries. 6,7 Several multicenter studies and meta-analyses have proved that CT has a high diagnostic accuracy for detecting coronary artery stenosis. 8-10 In particular, CT has been shown to have a very high negative predictive value, and therefore, this diagnostic test might be used to rule out CAD in patients with a low likelihood of coronary disease. 14 Furthermore, the application of CT has been reported to be associated with a good prognostic value. 11, 12 In contrast, comparative studies with MPI and/or coronary flow reserve indicated that the use of CT might result in an overestimation of coronary stenosis because of a high rate of false-positive findings. 15, 16 As MPI and CT provide information regarding different aspects of the disease -atherosclerotic and ischemic changes, respectively -both tests have been considered complementary to each other. 17-19 However, the combined use of 2 or more imaging techniques raises concerns about the costs incurred and the potential effects of cumulative radiation exposure. 14 The selection of MPI or CT as the initial diagnostic test should take into account the effect of using these techniques on the downstream utilization of other modalities. 20,21 Our results indicate that the secondary diagnostic test chosen after MPI or CT was CAG in most cases and, occasionally, CT or MPI, respectively. This might be explained by the fact that most cardiologists advise that CAG be used with coronary intervention when ischemia or coronary stenosis is detected upon MPI or CT, respectively. In an observational study, Min et al. assessed the cost and clinical implications of using MPI and CT as the initial diagnostic test in patients without known CAD. 22 When matched cohorts were compared, those in the CT group were found to be more likely to undergo subsequent MPI, while those in the MPI group were likely to undergo CAG as the secondary diagnostic test. The discrepancy between their findings and the results of this study might be attributed to the fewer numbers of nuclear cardiology facilities in Japan than in the USA.
Some reports have indicated that MPI is more advantageous than CT. 23, 24 However, this study did not reveal any significant prognostic differences between MPI or CT as the initial study. Previous prognostic studies have suggested that obtaining information regarding the anatomical changes (stenosis) and functional changes (ischemia) by CT and MPI, respectively, facilitates the prediction of death or MI. 25, 26 Our study indicated that the rate of revascularization was significantly lower in the MPI group than in the CT group. This difference might be explained by the tendency of cardiologists to consider coronary intervention when CT performed initially shows significant coronary stenosis, while such intervention might not be considered when MPI initially does not show ischemia. Nevertheless, both the MPI and CT groups showed excellent and similar prognosis. A longer follow-up study might possibly show potential differences between the 2 groups. Such a study is important to determine whether early intervention based on the detection of coronary stenosis on CT might be better or worse than intervention based on the detection of ischemia by MPI. 27 A randomized controlled study for the direct comparison of CT and MPI is warranted to confirm the value of the 2 methods in prognostic risk stratification. In addition, the study should account for the cost of the procedures.
The CAG group had a greater risk of MACE than the MPI and CT groups, and this tendency of increased risk held true even after adjustment for the risk factors of CAD. In addition, coronary intervention was required more often in the CAG group. These results are concordant with those of previous studies, 3 indicating that MPI can be considered suitable as the firstchoice non-invasive test, particularly for intermediate-risk patients. In addition, our results confirmed that CT is more suitable than CAG as the initial diagnostic test. Although CAG is a safe diagnostic test, it is more invasive than MPI and CT, which are non-invasive. The mechanical and/or chemical stress induced by catheter insertion with rapid and repeated injections of high concentrations of contrast media on CAG might promote intimal damage, resulting in sclerotic lesions in the arterial walls. However, this study is an observational study, and considering that fewer patients from the CAG group had normal test results compared with the other modalities, the selection of the diagnostic imaging, even with the analysis to adjust for the confounding factors, is hard in order to determine the prognosis.
This study has some limitations. First, because this is a prospective observational study, and not a randomized controlled study, the 3 groups might differ in terms of the severity of CAD. However, we have used the Cox proportional hazards model and adjusted for important confounding factors for risk analysis among the 3 groups. Second, not all the registered centers have radionuclide imaging facilities, mainly because of strict regulations in Japan. Therefore, the frequency of the second test might differ from that reported in studies from the USA. Although all the registered centers have many CAD patients with high-end diagnostic facilities, we did not verify the quality of the CT, MPI, and CAG tests in each center. Some centers might not have conducted high-quality imaging studies. To account for the quality of the imaging studies, we recruited only those centers that received a certain number of patients for diagnostic examinations annually. Because this is an observational study, each center had decided the optimal diagnostic tests and treatment strategy for the patients based on the guidelines. But we did not provide any standard criteria for selections of diagnostic tests or treatment planning.
Conclusions
The results of this prospective study indicate that stable patients suspected of having CAD who undergo either CT or MPI might have excellent prognosis, while those who undergo CAG have a relatively higher risk of MACE even after adjusting for confounding risk factors. However, the rate of revascularization was significantly lower with the use of MPI as the initial test than with the use of CT. Otherwise, considering the limitations of this study, to ensure that in the future, prospective randomized trials of this issue will be reconsidered.
